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1. S3C6410  Introduction 

 

 

The S3C6410X is a 16/32-bit RISC microprocessor, which is designed to provide a cost-effective, low-

power capabilities, high performance Application Processor solution for mobile phones and general 

applications. To provide optimized H/W performance for the 2.5G & 3G communication services, the 

S3C6410X adopts 64/32-bit internal bus architecture. The 64/32-bit internal bus architecture is 

composed of AXI, AHB and APB buses. It also includes many powerful hardware accelerators for 

tasks such as motion video processing, audio processing, 2D graphics, display manipulation and 

scaling. An integrated Multi Format Codec (MFC) supports encoding and decoding of 

MPEG4/H.263/H.264 and decoding of VC1. This H/W Encoder/Decoder supports real-time video 

conferencing and TV out for both NTSC and PAL mode. Graphic 3D (hereinafter 3D Engine) is a 3D 

Graphics Hardware Accelerator which can accelerate OpenGL ES 1.1 & 2.0 rendering. This 3D Engine 

includes two programmable shaders: one vertex shader and one pixel shader.  

The S3C6410X has an optimized interface to external memory. This optimized interface to external 

memory is capable of sustaining the high memory bandwidths required in high-end communication 

services. The memory system has dual external memory ports, DRAM and Flash/ROM. The DRAM 

port can be configured to support mobile DDR, DDR, mobile SDRAM and SDRAM. The Flash/ROM 

port supports NOR-Flash, NAND-Flash,  OneNAND, CF and ROM type external memory.  

To reduce total system cost and enhance overall functionality, the S3C6410X includes many 

hardware  peripherals such as a Camera Interface, TFT 24-bit true color LCD controller, System 

Manager (power management & etc.), 4-channel UART, 32-channel DMA, 5-channel 32bit Timers 

with 2PWM output, General  Purpose I/O Ports, I2S-Bus interface, I2C-BUS interface, USB Host, USB 

OTG Device operating at high speed (480Mbps), 3-channel SD/MMC Host Controller and PLLs for 

clock generation.  

The ARM subsystem is based on the ARM1176JZF-S core. It includes separate 16KB Instruction and 

16KB data  caches, 16KB Instruction and 16KB Data TCM. It also includes a full MMU to handle 

virtual memory management. 

The ARM1176JZF-S is a single chip MCU, which includes support for JAVA acceleration. The 

ARM1176JZF-S includes a dedicated vector floating point coprocessor allowing efficient 

implementation of various encryption schemes as well as high quality 3D graphics applications. The 

S3C6410X adopts the de-facto standard AMBA bus architecture. These powerful, industry standard 

features allow the S3C6410X to support many of the industry standard Operating Systems. 

By providing a complete set of common system peripherals, the S3C6410X minimizes overall system 

costs and eliminates the need to configure additional components. The S3C6410X is implemented 
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using an advanced 65nm CMOS process. The low-power, simple, elegant and fully static-design 

scheme is particularly suitable for cost sensitive and power-sensitive applications. 

Figure 1-1 is an overall block diagram of the S3C6410X. 
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2. Memory Design 
 

LS6410 development board uses 256MB Mobile DDR. It consists of two 16 bit mobile DDR to make 

up 32 bit 256MB. 

S3C6410 supports Mobile DDR, SDRAM, DDRI. In consideration of speed and power, we chose to use 

Mobile DDR because of the following features: 

1. Low power  

2. Low Voltage, 1.8V 

3. Support SLEEP function 

4. BGA package that has smaller footprint 

5. Normally no need for termination resistor and pull up resistor 

 

The schematic of the memory is as following: 
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H5MS1G162MFP and K4X1G163PC-FGC6 are fully compatible 16 bit 128M Byte mDDR. They consist 

of 4 bank, and every bank has 16Mbit*16 (i.e, 32M Byte). 
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The interface pins are highlighted in red. S3C6410 meets the requirement to interface with these 

memory chips. 
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S3C6410 has two bus interfaces. Xm1 interface is used to support mDDR.  Xm1SCLK and Xm1SCLKn 

are differential clock signals, which are connected to CLK and /CLK of the mDDR chips.  Xm1 

interface have two CE signals. In our design, low 16 bits are U9 and high 16 bits are U11, so these 

two chips share same single CE, and connected to Xm1CS0, and the clock enable signal is Xm1CLKE0.  

In the memory map of S3C6410, the physical address of Xm1CS0 is 0x50000000. 
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Xm1CAS and Xm1RAS are column selection signal and row selection signal of mDDR, and Xm1WE is 

the write signal. 

Xm1DQM and Xm1DQS are mask and select byte, which are used to do byte reading and half word 

reading. 

 

 

3. Difference between NAND flash and NOR flash 
 

 

The feature of NOR is that XIP, eXecute In  Place.  It has the interface like SRAM. The code can 

execute directly in NOR, and doesn’t need to be read to system RAM to execute.  The read is very 

efficient, and has best cost performance ratio for 1-4MB. It has very slow erase and write 

performance. 

 

NAND can support very high storage density, but it needs specific controller to interface.  
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4. NAND Flash interface 
 

S3C6410 supports both MLC and SLC. The schematics is as following: 

 

 

The above circuit is for compatible design; it can support both MLC and LSC. When used with SLC, 

such as K9F1G08 or K9F2G08, please don't populate R22 R29 and R18. 

 When using MLC, all the resistors need to be populated. 

 

NAND Flash chips are connected to Xm0 bus of S3C6410, data bus width is 8 bit, uses Xm0DATA0- 

Xm0DATA7.  Because NAND is nonlinear address space, so the address bus will not be connected. 

MLC Flash chips uses 3.3V, and connected to VDDIO. FALE is the NAND Flash address enable signal. 

When high, it means that the data sent is address. By sending N times address to NAND Flash, here 

N is the total space of NAND flash divided by byte number of each time. FCLE means the data sent is 

command, such as erase command. FREn and FWEn are connected to read/write signal of NAND 

chip. FRnB is the indicator of if NAND flash is busy. 
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As shown below, we know that the starting physical address of NAND is 0x20000000. 

 

 

 

 

LS6410 development board uses K9G8G09 MLC. Its structure is as follows: 
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We can tell that the page size each time is 2K if we don’t count 64 byte in C zone. There are 128 

pages in every block. Total 128*2K=256K. The whole FLASH chip has 4096 BLOCKS, i.e., 1G byte. The 

address is sent 5 times, the first two times are page address, and the last three times are byte 

address within the page. CPU addresses FLASH by pages. 

The control command of NAND flash is as follows: 
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5. Power management Unit 
 

 

The voltage needed are: 

1. VDDIO,  3.3V    Not controllable  

2. VDDARM, 1.2V   Controllable 

3. VDDINT   1.2V  Controllable 

4. VDDPLL 1.2V  Controllable 

5. VDDMEM1   1.8V  Not Controllable 

6. VDDALIVE 1.2V Not Controllable 

7. VDDOTG  3.3V Controllable 

8. VDDOTI  1.2V Controllable 

9. VDDADC  3.3V No Controllable 

 

We group 2 3 4 8 into one path. During SLEEP, we can shut this path down to save power. But 

VDDIO, VDDALIVE can’t be shut down. Other power supplies can be shut down by configuring 

registers in CPU. 

 

To improve the efficiency of power supply, we use DCDC to supply large current, but small 

current will use LDO. 
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6. Clock generation 
 

 

S3C6 410 has four clock signals: 

1. Main clock, 12MH 

2. Video clock , 27Hz, used in display module, such as MFC LCD TV. 

3. USB clock, 48MHz, used in USB, SD card, and SDIO clock. 

4. RTC clock, 32.768KHz, used in real time clock module. 

 

The main clock use active or non-active crystal is determined by OM1 pin. When OM1 is high, it 

will use non-active crystal and will use active crystal when OM1 is low.  
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5. Ethernet chip DM9000 
 

 

 

 

 

The bus of DM9000 is 16 bits, and connected to Xm0 bus of S3C6410. 

The default I/O base address of DM9000 is 300H. CMD pin is used to set the CMMAND mode. When 

CMD is high, data port will be selected. When CMD is low, address port will be selected.  The address 

code of data port and address port is determined by the following: 

Address port of DM9000=MSB of chip selection address+ 300H+0H 

Address port of DM9000=MSB of chip selection address +300H+4h 

The MSB of chips selection address is determined by Bank1 of S3C6410, ie. 0x18000000 
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CMD of DM9000 is connected to ADDR2 of Xm0, and used to select address or data is sent. 

IOR and IOW of DM9000 are connected to read/write pins of Xm0. 

Reset bin of DM9000 is connected to reset pin of S3C6410, and can make sure that Dm9000 is reset 

after CPU is running. 

EECS and EECK of DM9000 are used to select 8 bit or 16 bit system bus and triggered by high or low 

interrupt. 

The interrupt of DM900 is connected to EINT7 of S3C6410 and triggered by high voltage. 
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6. Audio Design 
 

 

 


